Introduction
============

There has been a significant application of metals in the various industries due to a general global increase in industrial activity over the past few decades. This in turn causes a great escalation of metal in the environment. Although some metals are essential to human health, these may act as toxicants when humans or animals are exposed to high concentration. In this regard nickel and chromium are considered potential health hazards although in some amount they are essential to human health. Both these metals are major components of stainless steel and their salts are used extensively in electroplating industries. After entering the body, nickel penetrates organs and accumulates primarily in bone, liver and kidney, being excreted in bile and urine \[[@b1-ijerph-05-00147], [@b2-ijerph-05-00147]\]. Although chromium (III) is an essential nutrient to produce various biochemical processes, chromium (VI) is reported as toxic element. It has been reported that both nickel and chromium (VI) can cause an increase triglyceride and phospholipids in serum associated with liver necrosis \[[@b2-ijerph-05-00147]--[@b5-ijerph-05-00147]\]. A study by Kumar *et al* demonstrated that there is increased accumulation of lipids in liver of rats after orally exposed to chromium (VI) \[[@b6-ijerph-05-00147]\]. Nickel also induces severe liver and kidney damage by altering several marker enzymes and ascorbate-cholesterol metabolism \[[@b7-ijerph-05-00147]\]. The most plausible mechanism that may be operative *in vivo* is the generation of reactive oxygen species (ROS) by nickel and chromium, which initiates lipid peroxidation (LPO), thereby causing oxidative damage to critical macromolecules like proteins, DNA as well as cell damage/ death \[[@b8-ijerph-05-00147], [@b9-ijerph-05-00147]\]. For thousands of years, amazing medicinal power has been attributed to garlic. Garlic is a hardy perennial bulb, native to the Mediterranean regions of Africa and Europe. Garlic is said to lower serum cholesterol, enhance fibrinolytic activity and inhibit platelet aggregation \[[@b10-ijerph-05-00147]--[@b13-ijerph-05-00147]\]. There is also a report on the beneficial effects of garlic extract in controlling hyperlipidemia in animals \[[@b14-ijerph-05-00147]\]. All these effects are attributed to the presence of various organosulfur compounds, mainly allicin in garlic \[[@b15-ijerph-05-00147]\]. Garlic compounds are having tremendous antioxidant property which exerts actions by scavenging ROS, enhancing cellular antioxidant enzymes and increasing glutathione in the cells \[[@b16-ijerph-05-00147]\].

As the previous studies showed that raw garlic is more beneficial than its other form \[[@b17-ijerph-05-00147], [@b18-ijerph-05-00147]\], the presents study was designed to ascertain the effect of fresh raw garlic aqueous homogenate on heavy metal (nickel sulfate and potassium dichromate) induced alteration of serum lipid profile in male albino rats.

Materials and Methods
=====================

Adult (aged 60--70 days) laboratory bred male Wister rats weighing 160 ± 5 g each were fed with laboratory stock diet and water *ad libitum* for 7 days. The acclimatized animals were divided into six groups of six animals each. Group I served as an untreated control. Group II were administered aqueous homogenate of fresh raw garlic at a dose of 250 mg/ Kg b.wt; orally \[[@b19-ijerph-05-00147]\]. Group III was treated with nickel sulfate (New India Chemical Enterprises, Kochi, India) in double-distilled water at a dose of 2.0 mg/100g b.wt, intraperitoneally (i.p.) \[[@b20-ijerph-05-00147]\]. Group IV rats received both nickel sulfate (2.0 mg/100g b.wt, i.p) and garlic (250 mg/ Kg b.wt; orally) simultaneously. Group V rats were given potassium dichromate (Qualigens Fine Chemicals, Mumbai, India) in double distilled water at a dose of 0.5 mg/100g b.wt, intraperitoneally (i.p.) \[[@b21-ijerph-05-00147]\]. Group VI rats were treated simultaneously with potassium dichromate (0.5 mg/100g b.wt, i.p.) and garlic (250 mg/ Kg b.wt; orally). Nickel sulfate and potassium dichromate were given on alternate days until tenth dose whereas garlic was administered orally every day until twentieth dose. The entire experimental protocol was approved by institutional ethical committee and utmost care was taken during the experimental procedure, as well as at the time of sacrifice, according to the Helsinki Declaration of 1964 \[[@b22-ijerph-05-00147]\]. The rats were sacrificed at the end of the last dose after an overnight fast. Blood samples were collected in a centrifuge tube and allowed to form serum. Serum total cholesterol, LDL-cholesterol, high-density lipoprotein (HDL) cholesterol, and triglycerides were assayed using an enzymatic estimation kit (ERBA-diagnostics Mannheim, GmbH, Germany) \[[@b23-ijerph-05-00147]\].

Mean ± SD values were calculated for each group. To determine the significance of inter-group differences, we analyzed each parameter separately. A one way analysis of variance (ANOVA) followed by post hoc't' test was done to determine which of the groups differed among themselves. Duncan's Multiple Range Test was applied with the level of significance fixed at P \< 0.05 \[[@b24-ijerph-05-00147]\].

Results
=======

[Table 1](#t1-ijerph-05-00147){ref-type="table"} shows that in Group III and Group V, nickel and chromium induced a significant increase in serum total cholesterol (TC), LDL-cholesterol (LDL-C), VLDL-cholesterol (VLDL-C) and triglyceride (TG) levels and a significant decrease in the serum HDL-cholesterol (HDL-C) level in comparison with the control (Group I). Group IV (nickel sulfate + garlic) also showed a significant elevated level of serum TC, LDL-C, VLDL-C, TG and lowered level of serum HDL-C in comparison with Group I, but LDL-C, VLDL-C, TG levels were significantly lower and HDL-C level was significantly higher than those of Group III (nickel sulfate). But Group VI rats (potassium dichromate + garlic) showed a significant decrease only in serum VLDL-C and TG level, when compared to that of Group V (potassium dichromate).

[Fig. 1](#f1-ijerph-05-00147){ref-type="fig"} shows the percent increase of serum TC, LDLC, VLDL-C, TG level and percent decrease in serum HDL-C level in Group IV in comparison with Group I. but when compared with Group III, receiving nickel sulfate only, the rise in LDL-C, VLDL-C, TG and fall in HDL-C were remarkably less (E2 vs. E3). But such type of improvement was not found when E4 and E5 were compared except serum VLDL-C and TG level (E4 vs. E5). Rats receiving garlic homogenate alone (Group II) did not show any significant variation in the parameters studied above when compared to control group.

Discussion
==========

Lipid is an important part of a healthy body because it is used to form cell membranes, several hormones and is necessary for other cellular functions. The various forms of lipids cannot dissolve in the blood and must be transported to and from the cells by low density and high density lipoproteins. High density lipoprotein cholesterol (HDL-C) tends to carry cholesterol away from arteries back to the liver. Therefore, high serum cholesterol level can be due to hepatic dysfunction.

Nickel and chromium induced rise in serum TC, LDL-C, VLDL-C and TG and fall in serum HDL-C in Group III and Group V rats may be due to changes in gene expression of some hepatic enzyme like HMG-CoA reductase (hydroxyl-methyl-glutaryl-CoA), which in turn depresses LDL-receptor gene expression \[[@b25-ijerph-05-00147], [@b26-ijerph-05-00147]\]. The rise in serum triglyceride is possibly due to hypoactivity of lipoprotein lipase in blood vessels which breaks up TG. The high TG level along with decreased absorption of fatty acids by adipose tissue is associated with a low level of HDL-C, insulin resistance and increased risk of atherosclerosis \[[@b27-ijerph-05-00147]\]. In our study, high cholesterol level in chromium intoxication may also be due to decreased activity of cytochrome P450 enzymes \[[@b28-ijerph-05-00147]\]. The rise in serum lipid profile may also be attributed to increased lipolysis, mediated by increased norepinephrine release which act through interference with the intracellular functions of Ca^+2^ in the cytoplasm \[[@b29-ijerph-05-00147]\]. The higher toxicity of chromium VI than its trivalent form may be due to its greater penetrating power into the cell as it exists as tetrahedral chromate anion resembling the forms of other natural anions. Moreover, once taken into the cell, this chromium (VI) undergoes reduction to chromium (III) involving intracellular ascorbate, glutathione \[[@b30-ijerph-05-00147], [@b31-ijerph-05-00147]\] along with vitamin E in all tissues \[[@b32-ijerph-05-00147]\]. All these events may lead to increased production of ROS, inducing oxidative stress \[[@b33-ijerph-05-00147]\] resulting in metabolic dysfunction in the present study. When compared to Group III, the significant improvement of lipid profiles in Group IV rats treated simultaneously with nickel sulfate and garlic agrees with the previous studies that garlic is a hypolipidemic agent \[[@b34-ijerph-05-00147]\] that can help in decreasing the level of LDL-C, VLDL-C, TG and in increasing the level of HDL-C. No change of serum TC level in Group IV and Group VI rats suggests that, raw garlic extract may not have influence on cholesterol biosynthetic pathway. A significant decrease in serum TG level in both Group IV and Group VI rats was supportive to other studies \[[@b35-ijerph-05-00147]\] and may be due to the TG-lowering effect of garlic by inhibition of fatty acid synthesis \[[@b36-ijerph-05-00147]\]. There is also report that garlic can depress the hepatic activity of lipogenic, cholesterogenic enzymes such as malic enzymes, fatty acid synthase, glucose-6-phosphate dehydrogenase \[[@b37-ijerph-05-00147]\]. As these heavy metals exert their toxic effects in the way by producing ROS, raw garlic homogenate may combat this oxidative stress through modulatory effects on ROS \[[@b38-ijerph-05-00147], [@b39-ijerph-05-00147]\]. But surprisingly, in the present study, garlic was found to be less effective to counteract chromium induced alteration of lipid profile.

Hence it can be concluded from the present study that both nickel sulfate and potassium dichromate adversely affect the serum lipid profile. Simultaneous treatment with garlic relatively improved serum lipid profile in nickel treated rats than its chromium treated counterpart.
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Effect of nickel sulfate and potassium dichromate on serum lipid profile in rats

  *Treatment group*   *Total cholesterol (mg/dL)*   *LDL-C (mg/dL)*    *HDL-C (mg/dL)*   *VLDL-C (mg/dL)*   *TG (mg/dL)*
  ------------------- ----------------------------- ------------------ ----------------- ------------------ ------------------
  Group-I             68.55 ± 5.747^a^              45.50 ± 3.008^a^   18.54±1.270^a^    16.98±0.419^a^     85.24±3.770^a^
  Group- II           69.32 ±2.287^a^               45.76±3.568^a^     19.02±1.568^a^    16.29±1.399^a^     81.32±5.601^a^
  Group- III          83.22 ±4.812^b^               63.32±3.977^b^     11.08±0.990^b^    26.63±0.654^b^     133.18±6.934^b^
  Group- IV           84.02 ±3.919^b^               54.50±3.301^c^     16.06±0.584^c^    21.78±0.564^c^     126.78±12.873^c^
  Group- V            92.53 ±3.971^c^               71.25±2.984^d^     13.51±0.930^d^    26.86±0.527^b^     133.46±2.606^b^
  Group-VI            89.66 ±1.668^c^               72.26±5.360^d^     14.41±0.952^d^    21.20±0.849^c^     126.86±8.683^c^

Treatment groups: I- untreated control; II- garlic; III-nickel sulfate (NiSO~4~); IV- nickel sulfate + garlic; V-potassium dichromate (K~2~Cr~2~O~7~); VI- potassium dichromate + garlic. LDL-C, low density lipoproteincholesterol; HDL-C, high density lipoprotein-cholesterol; VLDL-C, very low density lipoprotein-cholesterol; TC, total cholesterol; TG, triglyceride; each value is mean ± SD of twelve observations in each group
